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In contrast, in this paper we propose an agent-based ap-
proach to satisfy local power management constraints while
also addressing system wide performance goals. In doing so,
we are able to exploit the extensive literature concerning the
decentralised coordination of agent-based systems. Speciﬁ-
cally, we consider each sensor to be represented by an agent
with a state and a utility function. The state of the agent is
the sense/sleep schedule of the sensor, and we decompose the
system wide performance goal into individual utility functions
for each agent, such that maximising the sum of these utility
functions will also maximise the system wide goal.
Given this problem representation we can then apply generic
agent-based coordination approaches to optimise the utility
of the system in a decentralised way. In particular, we use
the max-sum algorithm, a general coordination mechanism
which was proposed as a suitable solution for distributed
coordination in [9]. The max-sum algorithm allows agents to
optimise a decomposable global function through distributed
local computation and communication. The algorithm is able
to compute solutions very close to the optimal, exhibits a low
message overhead, is extremely robust to message failures, and
is capable of being deployed on low-power sensing devices [9].
This paper builds on results obtained in [9], applying the
max-sum algorithm for coordinating the sense/sleep cycle of
sensors deployed for event detection. More speciﬁcally, we
make the following contribution to the state of the art:
• We propose a formal model of the wide-area surveillance
problem that we face. This model incorporates an ad
hoc deployment of energy-neutral sensors using a ﬁxed
sense/sleep schedule, and we model the deployment of
sensors, and the duration for which events are detectable
as generic Poisson processes.
• We theoretically analyse the performance of the network
in the case of (i) continuously powered, (ii) randomly
coordinated, and (iii) optimally coordinated sensors, in
order to give a theoretical upper bound on the perfor-
mance gain that coordination could potentially yield. In a
speciﬁc example we show that the optimally coordinated
sensors detect 50% of the events that the randomly
coordinated sensors fails to detect, or conversely, the
optimally coordinated sensors are able to achieve the
same level of performance as the randomly coordinated
sensors using just 60% of their number.
• We show how we can appropriately decompose the sys-
tem wide goal that we face in our wide-area surveillance
problem (that of maximising the probability that an event
is detected) into individual agent utility functions. Hence,
we show that given this decomposition, we can apply the
max-sum algorithm to optimise this system wide goal
through local calculation and message passing.
• Finally, we evaluate our approach in a simulated environ-
ment. We benchmark the max-sum algorithm against two
other coordination mechanisms (a centralised implemen-
tation of simulated annealing, and a decentralised solution
using local best response). We show that max-sum is
able to successfully coordinate the sensors through decen-
tralised communication and computation, while attaining
results very close to the optimal.
The remainder of this paper is structured as following: in
section II we describe our formal model, before analysing it
theoretically in section III. In section IV we introduce our
agent-based coordination framework, and in section V we
apply the max-sum algorithm to it. In section VI we present
our empirical evaluations, and conclude in section VII.
II. WIDE-AREA SURVEILLANCE PROBLEM
We now describe the formal model of the wide-area surveil-
lance problem that we address in this paper. We assume that
multiple sensors are deployed according to a Poisson process
with rate per unit area λs (i.e. within a unit area we expect to
ﬁnd λs sensors)1. Each sensor has a circular sensing radius,
r, and is tasked with detecting transient events within its
sensing radius. We make no assumptions regarding the process
by which events occur2, and we consider a general case in
which events may have a limited duration in which they
remain detectable after their initial appearance. We describe
this duration by an exponential distribution3 such that the
probability of an event lasting time t is λde−λdt.
We assume that the sensors are able to harvest energy
from their local environment, but at a rate that is insufﬁcient
to allow them to be powered continually. Thus at any time
a sensor can be in one of two states: either sensing or
sleeping. In the sensing state the sensor consumes energy at
a constant rate, and is able to interact with the surrounding
environment (e.g. it can detect events within its sensing radius
and communicate with other sensors). In the sleep state the
sensor can not interact with the environment but it consumes
negligible energy. To maintain energy-neutral operation, and
thus exhibit an unlimited lifetime, sensors adopt a duty cycle
whereby within discrete time slots they switch between these
two states according to a ﬁxed schedule of length L. We denote




k ∈ {0,1}, and si
k = 1 indicates that sensor i is
in its active sensing state during time slot k (and conversely,
it is sleeping when si
k = 0). We assume that this schedule is
repeated indeﬁnitely, and here we consider schedules in which  L−1
k=0 si
k = 1 (i.e. the sensor is in its sense state for one of
L time slots, and in a sleep state for all other time slots).
III. THEORETICAL ANALYSIS
Given the model described above, we can theoretically analyse
the performance of the network in three important cases, in
order to calculate an upper bound on the performance gain
that results from coordination:
1The use of Poisson processes to describe these events is common within
the literature, and represents a generic, non-domain speciﬁc model [6].
2Our model is independent of assumptions regarding the process by which
event occur, and is not limited to those uniformly distributed in space or time,
as long as we have no prior belief as to when and where events may occur.
3This exponentially distributed duration naturally arises from a Poisson
process that describes the departure or disappearance of the events.